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We^ E. I. Du Pont de Nemours and 
Company, a Corporation organized and exist- 
ing under the laws of the State of Delaware, 
United States of America, of Wihnington 98, 
Delaware, United States of America, do here- 
by declare the invention for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the following 
statement: — 

This invention relates to synthetic lactide 
copolymer filaments and ribbons and provides 
articles of this doss, made from certain lactide 
copolymers, which are specially suitable for 
15 use in surgical applications as or in sutures 
and other structures used in joining or support- 
ing living tissues. 

In this specification, unless otherwise staled, 
all parts proportions and percentages are by 
20 weight. 

Catgut (actually from sheep intestine) is the 
most commonly used absorbable suture now 
on the market. In many instances, however, it 
causes adverse tissue reaction in the sutured 
25 flesh. This, togetiier with the faa diat it is 
expensive, nonuniform both in cross section 
and composition, and requires storage under 
moist conditions, makes it far from an ideal 
suture material Nylon, stainless steel, cotton, 
30 linen, ramie, *Teflon" (registered trade- 
mark) fiuorocarbon resin, **Dacron" (registered 
trade-mark) polyester fibres, silk, and other 
materials have been suggesed and/or used as 
surgical sutures. Some of them have advant- 
35 ages over catgut in strength, uniformity and 
storage characteristics, but they are not 
absorbed by living dssue. 

Among the requirements of the ideal absorb- 
able suture product are that it should handle 
40 properly, should not create a situation favour- 
able to bacterial growth, should have adequate 
tensile strength, should not tear flesh, should 
be controllably uniform in properties, includ- 
ing dimensional stability within the body, 
should be sterilizable, should be absorbable 
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by living tissue, preferably at a constant rate 
r^ardless of the place in the body and the 
condition of the patent without causing such 
unfavourable tissue reactions as walling off, 
granulation or excessive oedema, and finally 
should be capable of tying and holding surgical 
knots properly. 

This invention fulfils the above require- 
ments to a remarkable degree by providing 
highly oriented, high tenacity filaments of 
certain copolymers of Jactides, the filaments 
having excellent dimensional stability in body 
tissue and preferably retracting less than 15% 
in an accelerative test in which the filaments 
are immersed in water at 77°C for a period 
of five minutes. 

The oriented filaments or ribbons of the 
invention are composed of a lactide copoly- 
mer containing 85 to 98.5% of repeating units 
of a single antipodal species of alpha hydroxy 65 
propionic add and 1.5 to 15% of repeating 
units of the formula: 



60 



/ 0 

I H 

> 



—0- 



where R is lower alkylene, m is 0 or 1, R' is 
a hydrogen atom or a lower alkyl group, and 70 
R", which can be the same as or dMerent 
from R', is a hydrogen atom or an alkyl group 
of up to 22 carbons when m is zero and, 
when m is 1, R" is a hydrogen atom or a 
lower alky! group, lower, herein meaning hav- 75 
ing up to 6 carbon atoms, and the repeating 
units of the said formula including at least 
one which is different from that derived from 
the said antipodal species, said copolymer be- 
fore being oriented having an inherent vis- 80 
cosity of at least 1.0 at 0.1% concentration 
in benzene at 25 °C. and said filament losing 
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at kast 20% of its weight on treatment with 
boiling water for a period of 100 hours. 

Preferably the copolymers have an inherent 
viscosity of at least 1.2, as determined at Q.1% 

5 concentration in benzene at 25^C. prior to 
being oriented. Preferably, because of avail- 
ability of starting materials, the repeating 
units of the formula specified above axe deriv- 
ed from «-bydroxycarboxylic acids, i.e, units 

10 of the above formula in which m is zero. 
Most preferred, because of the properties of 
the sutures made therefrom, arc repeating or 
comonomer units derived" from glycolide or 
DL-lactide, i.e., repeating units of formula 

15 (1) in which m is O, R' is hydrogen or methyl, 
and R" is hydrogen. In other words, the 
number of carbon atoms in the repeating unit 
is 2 to 24, preferably 2 to 8, and most pre- 
ferably 2 to 3. It will be understood that 

20 when m is zero, R' is methyl, and R" is hy- 
drogen, the repeating unit in the above for- 
mula may be derived from DL-lactide. 

Illustrative of the comonomcrs which can be 
employed with the lactide providing the single 

25 antipodal species referred to above, to form 
copolymers useful in preparing the filaments of 
this invention, there can be named glycolide, 
jS-propiolactone, tetramethylglycolide, fi- 
butyrolactone, y-butyrolactone, pivalolactone, 

30 an4 intermolecular cyclic esters of ^-hydroxy- 
butyric add, a-hydroxyisobutyric acid, a-hy- 
droxyvaleric acid, cr-hydroxyisovaleric acid, 
c-hydroxycaproic add, orhydroxy-<K-cthyl- 
butyric add, o-hydroxyisocaproic acid, o-hy- 

35 droxyni^-methylvaleric acid, ^-hydroxyhepta- 
noic add, o-hydroxyoctanoic add, o-hydroxy- 
decanoic add, «-hydroxymyristic add, of- 
hydroxystearic add, and or-hydroxyh'gnoceric 
add. 

40 The filaments prepared from the above- 
desCTibed lactide copolymers are conveniently 
formed by melt-extruding the copolymer 
through a spinneret and then drawing the fila- 
ments in one or more stages to at least four 

45 times thdr original length to effect orienta- 
tion and to improve their tensile strength. The 
resultant oriented filaments are strong and 



retam much of their strength on bdng tied 
into surgeon's knots. , 

To further improve theu* dimensional stabi- 50 
lity and particularly tensile strength reten- 
tion, one may subjea them to an anneaMng 
treatment. This optional annealing treatment 
is effeaed by heating the filament, while hold- 
ing it essentially tau^ at €0^C. to ISQPCL, and 55 
then allowing it to cool to room temperature 
(25^C) whik held taut. The annealing is 
preferably conducted for such a time that the 
filament shows less than 30%, most prefer- 
ably less than 15%, shrinkage on subsequent 60 
immersion, for five minutes without tension, 
in water at 77*^0. The heating step of an- 
nealing usually requires from 0.5 to 5 minutes. 

A filament which meets the foregoing shrink- 
age test (77°C.) undergoes siibstantially no 65 
shrinkage when uised as a suture in contact widi 
body tissues (sec Example 11). The condi- 
tions of this test are designed to give a quick 
in vitro measure of the dimensional stability 
of the filaments that can be projected to their 70 
usefuhiess as suture materials. In this con- 
nection, it should be mentioned that the con- 
dirions of draw have an influence over the 
shrinkage. Further, it has been found that even 
those filaments showing a large amount of 75 
shrinkage at 77°C. have relatively litde shrink-, 
age at 37'^a (98.6°F), i.e., at body tanpaa- 
ture, even after being in contact with distilled 
water for 10 and 21-day periods. 

Since the function of a suture is to hold 80 
severed tissue until healing is well along, and 
to prevent separation as a result of move- 
ment or exerdse, the suture should have ade- 
quate strength. It is particularly important 
Sat strength be maintained when knots are 85 
tied and during the actual procedure of draw- 
ing tight a suitable knot. Catgut is well known 
to have marginal strength in this respect. In 
contrast, filaments from the copolymers of the 
invention, high in molecular wdgbt and in 90 
oriented fonn, are exceptionally strong and 
most significantly retain a high proportion of 
thdr strength at the knot point, as shown m 
the following table: 
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Tensile 
Strength 
(Straight PuU) 



Table I 

% Elongation 
at 
Break 


Tensile 

•A. Ma.rl ■ Vr 

Strength 
(Surgeon's 
Kjaot) (4) 


T .ivy; in 

Strength, 
Knot vs. 
Straight 


20 


29,000 psi 


42 


20 


27,000 psi 


39 


17 


42,000 psi 


29 



Catgut 



50,000 psi 
44,000 psi (2) 



L(->lactide 59,000 psi P) 

y-butyrolactone 

(95/5) copolymer 



Q) Chrome gut, 3—0 size (0.008— O.OlO inch diameter) 
Q) Chrome gut, 2—0 size (0.010—0.013 inch diameter) 
(^) After U.S. Pharmacopeia. 



(^ Inherent vise, (bulk polymer) = 3.0 (spun filament =1.6), lOX draw, 0.009 inch 
diameter. 



As will be apparent from Table I, the in- 
herent viscosity of the spun filament, i.e., the 
oriented filament, may be somewhat less than 

5 that of the bulk polymer or copolymer, for 
during the drawing operation some degrada- 
tion of the polymer may occur depending on 
the drawing conditions employed. If the sutures 
are sterilized by high energy radiation, there 

10 may be a further lowering of the molecular 
weight of the polymer. However, by starting 
with copolymers having inherent viscosities 
of at least 1, the sutures prepared ther^om 
are entirely satisfactory even though there may 

15 be some loss in inherent viscosity due to ex- 
trusion and orientation, and possibly steriliza- 
tion. 

The filaments of this invention are further 
characterized by their hydrolysis bdiavior and 

20 absorbabDity. On treatment with boiling 
water for 100 hours, they lose at least 20, 
and preferably at least about 50%, of their 
weight On treatment with boiling water for 
a period of 50 hours, the copolymers lose at 

25 least about 8% of their weighty and prefer- 
ably they lose at least about 351% of their 
weight. 

By varying the type and proportion of 
comonomer employed, the rate of hydrolysis 

30 (absorpdon) of the suture can be controlled. 
In contrast to the highly.. variable absorption 
rates of catgut, the absorption of the copoly- 
mers is relatively more independent of the 
place In the body where used and of the con- 

35 dition of tiie patent. Since the hydrolysis rate 
d a particular lactide copcdymer is constant 
at a fixed temperature, say, at 37®C, absorp- 
tion can be speeded up, for instance, by using 
different copolymers. For example, poly-L- 

40 lactide was 15.3% absorbed in the bade 
muscle of a rat after 270 days. Under compar- 
able conditions, (— >laaide/DL-lactide 



(97/3) copolymer was 18.5% absorbed, L(~)- 
Iactide/I>L-Iactide (95/5) copolymer was 
29.0% absorbed, L(-)-lactide/glycollde 45 
(95/5) copolymer was 27.3*% absorbed, and 
chromed catgut was 67% absorbed. 

As already indicated, high tensile strength 
is an exceedingly desirable characteristic for 
suture materials. The filaments of the present 50 
invention are characterized by having a tensile 
strength of at least 25,000 psi, preferably above 
40,000 psi. Some have tensile strengths rang- 
mg up to 100,000 psi and higher. Their knot 
strengths, expressed in pounds of pull, exceed 55 
the m in imum limits set for absorl:^bIe sutures 
by the U.S. Pharmacopeia, Lc, firan 0.125 lb. 
for a 1 — 2 mil filament to 25 lbs. for a 36-r40 
mil filament. 

In preparing the copolymers from which 60 
the filaments of this invention are made, the 
appropriate intermolecular cyclic ester or in- 
tramolecular cyclic ester (lactone) of the 
hydroxy acid is employed. Subjea to the re- 
quirement as to the constituti(Hi of the copoly- 65 
mer, specified above^ diese can be derived 
firam pure D(— )- or L(4-)-lactic adds, the 
optical^ inactive DL^lactic add mixture mix- 
tures of pure D(-) and (+>Iactic adds, and 
other alpha, beta, or gamma-hydroxy adds, 70 
about which more will be said later. The 
L(+)- form of lactic add as more readily 
available than the D(-)-add and hence is 
particularly preferred. It is to be understood 
that the various lactides can be made from 75 
the corresponding lactic acids by a variety 
of published methods induding that described 
in Sdmdder U.S. 2,703,316. 

In genera], the tensile modulus, melting 
point, and ^edfic rotation of lactic add co- 80 
polymers decrease with increasing amounts of 
the antipode in the mixture. In some cases this 
is desirable because it leads to filaments which 
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have improved flexibility, without appreciable 
sacrifice in strength. 

In preparing copolymers, the repeating 
units derived from comonomers discussed 

5 above are introduced by use of the appro- 
priate cyclic esters. For repeating umts de- 
rived from alpha-hydroxy acids, these arc 
usually the intermolecular cyclic esters con- 
taining six-membered rings, e.g., glycolide. 

10 Fot repeating units derived from beta- or 
gamma-hydroxy adds, the monomeric lactones, 
e.g., beta-propiolaaone and gamma-butyrolac- 
tone, are usually used. ^ 
In preparing the filaments of this invention, 

15 it is essential to use copolymers made from 
highly purified lactides. For example, for ex- 
cellent results L(~)-lactide should bave a 
melting point of at least 96°C and a specific 
rotation greater than -295^. The polymeriza- 

20 tion is effeaed by beating the laaide above its 
melting point, but below about 215^C in the 
presence of a polyvalent metal oxide or com- 
pound thereof, under anhydrous conditions in 
an inert atmosphere. 

25 Specially useful catalysts are zinc oxide, 
zinc carbonate, basic zinc carbonate, diethyl- 
zinc, titanium, magnesium or barium com- 
pounds, and litharge. 

The proportion and type of catalyst used 

30 determine the particular temperature and time 
required to produce polymer useful for con- 
version to the filaments of this invention. Thus, 
the proportion can be as low as 0.01 weight 
percent or as high as 2 weight percent. As a 

35 rule, the lower the proportion of catalyst, the 
longer the time required to produce polymer 
(rf a given inherent viscosity and, conversely, 
the higher the catalyst concentration, the shon- 
er the time. The best balance is usually ob- 

40 tained employing from 0.02 weight percent to 
1 weight percent of catalyst. 

In general, it is desirable to agitate the 
reaction mixture continuously during the poly- 
merization in order to produce a homogeneous 

45 polymer at good conversions and to conduct 
the reaction in two steps, the first being carried 
out at a lower temperature than the second, 
or finishing step. Other methods, such as 
tiiose disclosed in U.S. Patents 2,703,316 and 

50 2,758,987, can be used in making die poly- 
mers. 

The foDowing is a brief description of a 
method for preparing the copolymer for con- 
version to die filaments of this invention: 

55 Lactide, purified by several crystallizations 
from carbon tetrachloride, is placed with one 
or more solid comonomers is substantially the 
proportions theoretically required to give a co- 
polymer of the desired formula, in a thorough- 

(0 ly dried reactor equipped with a stirring bax, 
nitrogen inlet tube, and a drying tube filled 
conveniently with anhydrous magnesium sul- 
phate or calcium chloride. Nitrogen, which 
has been dried by passage trough anhydrous 

65 magnesium sulphate or caidum chloride, is 



introduced immediately above the reaction 
mixture and heating and stirring are started. 
When the temperature of the reaction mix- 
ture has reached about lOO^C, tiie nitrogen 
inlet is replaced by a thermometer, and from 
about 0.01 to 2 weight percent of an oxide or 
salt, of a Group II metal of atomic number 
12 to 56, or litharge is added. In the case of 
copolymerization with a hquid comonomer the 
liquid comonomer is preferably added after 
the lactide has melted. Heating is continued 
until polymer having an inherent viscosity of 
at least 1 at 0.1*% concentration in benzene 
at 25°C is obtained. This may require from 
a few minutes up to 25 or more hours, de- 
pending upon the catalyst used. 

Polymer, produced as above, may be smt- 
ably further treated by cutting it into small 
pieces, dissolved in a suitable solvent, for ex- 
ample, benzene, toluene, or xylene, and the 
polymer precipitated by pouring the solution 
into a large volume of a nonsolvent for the 
polymer, desirably hexane. The precipitated 
polymer is removed by fihraticm, transferred 
to a blender and a nonsolvent for the polymer 
is added. The blender is started and after a 
homogeneous dispersion has been obtained, 
the dispersion is filtered. The polymer is allow- 
ed to dry on tiie filter, and is then transfened 
to a vacuum oven. After drying overnight at 
100°C., the polymer is removed from the 
oven and allowed to cool to ambient tem- 
perature. 

As abeady indicated, the copolymer mater- 
ial can be converted to filaments by melt-ex- 
trusion and also from soluti<»L The diameter 
of the lesulting filaments may be as small as 
0.1 mil or less for the individual strands mak- 
ing up the multifilament structures and as 
large as 45 mils for very heavy monofilament 
sutures. Generally, however, the filaments of 
this invention will not have a diameter greater 
than 20—25 mils. Preferred are monofila- 
ments having diameters of about 1 — ^20 niils 
and multifilament structures having individual 
filaments of from less tiian 0.5 to 2 mils 

diameter. . . j 

It will be understood that spmnmg and 
drawing may be done singly or in multiples. 
To prepare multifilament braided sutures, one 
may take either monofilaments or groups of 
filaments to braid. 

Spinnerets having orifice sizes of 5 mils or 
higher, say, up to 150 mils, are suitable for 
spinning monofils. In spinning from solution, 
the solution may be extraded either into an 
atmosphere heated to above the boiling point 
of the solvent or into a nonsc^vent for the 
polymer, e.g., hexane. 

After spinnmg, the polj^actidc nmno* and 
copolymer filaments arc drawn to effert orien- 
tation and to improve tensile strength. This 
is accomplished by drawing (permanently 
elongating) the filaments at a temperature be- 
tween 70°C and 140^G, preferably between 
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90^C. and 135*^0. the preferred draw ratio 
being from 5:1 to 11:1. The drawing step 
may be conducted in one or more steps, in 
air or in a bath amtaining a liquid nonsdlvent 

5 for the polymer, e.g., glycerol or water. This 
drawii^ bnngs about a marked increase in 
tensile strengSi and molecular orientatfcm, as 
measured by the X-ray orientation angle. 
Fallowing the drawing, the filaments may 

10 be subjected to annealing. This is convenient- 
ly carried out by running the oriented fila- 
ments from a feed roll to a take-up roll and 
heating the filaments between the rolls, with 
the take-up roll rotating at a speed ranging 

15 from the same speed of the feed roll to> a 
speed 4% slower than that of the feed roll. 
At the first menticmed speed ratio, essentially 
no shrinkage will take place, and at the second 
mendcHied speed ratio shrinkage \rill take 

20 place up to 4% of its length. As a consequ- 
ence of this annealing, the filaments imdexgo 
essentially no shrinkage under the action of 
body fluids, when used as sutures. 
Instead of spinning the copolymer into fila- 

25 ments, it is possible to extrude or cast it into 
films, which are then drawn and annealed. 
The films thus treated can be cut into ribbons, 
i.e. narrow str^s for use as sutures. In the 
preferred embodiment, however, the sutures 

30 are made from filaments. 

It is to be understood that minor amounQ 
of inert additives such as cdoring materials 
and plastidzers can be incorporated in the 
sutures by being mixed with the preformed 

35 copolymers by known techniques. Any of a 



variety of plastidzers such as, for instance, 
glyceryl triacetate, ethyl benzoate and diethyl 
phthalate can be used to advantage, e^ecialfy 
with poly-L^lactide. The proportion of plas- 
tidzer may vary from 1—40% based on tiie 40 
wdgbt of the polymer. Not only does the 
plasddzer render the filaments more pliable 
and more easy to handle, but it also helps 
in spinning. By the term , "inert" is meant 
materials that are inert chemically to the co- 45 
polymer, and are inert to living tissue, Le., do 
not cause any of the adverse efiects discussed 
on page 2 of this spedfication. 

The invention apart from the essential final 
step of sterilisation is illustrated by the follow- 50 
ing Examples: 

ESAMPLE I. 

A mixture ctf 95 parts of L(-)-lactide and 
5 parts of DL-lacdde was fused under nitrogen, 
and there was added 0.125 part of dietirsrlzinc 55 
as a 25% solution in heptane. The mixture 
was heated at 105*^C. for 1 hour at atmos- 
pheric pressure in an atmosphere of nitrogen. 
The solid (L-)-lactide/DI^lactide (95/5) co- 
polymer thus obtained had an inherent vis- 60 
cosity of 2.63 (0.1% solution in benzene at 
34J°C.). The copolymer was ground to a 
fine powder, which was in turn pressed to a 
plug suital^e for use in an extrusion-spinning 
apparatus. Filaments of the copolymer were 65 
spun at about 200^C. through a 35-mil spin- 
neret and were drawn to 6.4 times their origin- 
al length in glycerol at about 120^C The 
drawn filaments had the following properties: 



Inherent viscosity: 


1.7 


Diameter: 


12.5 mils 


Tensile Strength: 


58,500 psi 


Elongation at break: 


20% 


Modulus: 


1.08 X 106 


Knot strength: 


37,000 psi 


Shrinkage after 5 min. in water at 77^C: 


23% 


Wdght loss after 50 hrs. in boiling water: 


39% 



They were not annealed. 

After 30 Days in Distilled Water at 37'' C: 
Inherent viscosity: 0.55 
Tensile strength: 19,000 pd 

Wdghtloss: 2.6% 

- ■ •* - . • - 
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After 90 Days in Distilled Water at 37* Cj: 



Inherent viscosity: 
Tensile strength: 
Weight loss: 



0.38 
5000 psi 
7.0% 



Examples II— IX. 
A number of other L(->; laciide copoly- 
mers were prepared and spun into filan^ts by 
5 the method of Exainple I. When the contono- 
mer was a liquid at ordinary temperature 
propiolactone, y-butyrolactone or pivalolac- 



tonc), it was added to the lactide only after 
die lactide had been ftised. The bulk-polymer 
properties spinning conditions, and filament 10 
properties or these copolymers are summariz- 
ed in the following table. The filaments of Ex- 
ample II were not annealed. 
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bromo adds were made from the adds and ethyl alcohol/petroleum ether, with cooling 
sodium methoxide in an ethyl ether/ethyl in soHd carbon dioxide. The heptanoic add 



alcc^ol mixture. The cyclic esters were made 
by heating the sodium salts to 300— 315°C. 
5 under reduced pressure. The butyric add 
derivadve was purified by distillation at 78— 
85*^0/0.07 mm. and by crystallization from 



derivative was purified by crystallization from 
pentane, with cooling in solid carbon dioxide, 
and from ethyl alcohol. Both cydic esters were 
characterized by demental analyses and in- 
frared absorption spectra. 
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Table m 



Example 



XI 



% Comonomer 

Ink viscosity (bulk) 

Spinning tenq)a:a£ure 

Draw ratio 

Drawing temperature 

Inherent visoodty 

Tensile strength (jpsi) 

Elongation at break 

Modulus (psO 

Shrinkage 
(Hfi/ira/S nan.) 

Weight loss 
(H2O/100*C/48 his.) 



11.6% Intermolecular 
cydic ester of 
oc-hydroxybutric add 

2.15 

185 °a 

10* 

94°C, 122*^C* 
1.42** 
66^00 
22.3% 
1.04 X W 
20.6% 

60.5% 



10% Intermolecular 
cyHc ester of 

a-hydrosyheptanoic add 
2.28 
190°C. 
8 

1.63** 
59,100 
18.3% 
0.95 X 10» 
55.0% 

63.6% 



* "Hiw filament was drawn in two stages. In it was drawn 7X (draw ratio 

of 7) at 94 Q ; m die second, it was drawn at 122 ** C to an extent suffident to give 



an overall draw ratio of 10. 



Measitted on undrawn filament The inherent viscositira of the filaments of Examples 
V— XIII were measured on drawn filaments. 



Example xn. 
A mixnire of 206 g. of powdered L-lactide/ 
DL-lactide (90/10) copdymer and 0.618 g. 
of the monosodium salt ai 4-[4-(ethyl-p-sul- 

20 phobenzylamino)diphenylmethylene][l - (N- 
ethyl-N-p-sulphonhmibenzyl>iA*'* - cydohexa- 
diemmine] [F D & C (food,^ Drug, and Cos- 
metic) GttCR No. 1] was rotated in a Fisher- 
Kendall mixer for 48 hours at room tempera- 

25 ture. The resulting homogeneous mixture was 
pressed to a plug and spun into green memo- 
filaments by essentially the method of Example 
I. The filaments were not annealed. 
Sterilisation of the products of the Examples 

30 may be effected in any convenient way. In mt 
sudi method the drawn, aimealed filament is 
cut to convenient length, placed in polyethyl- 
ene bags, which are sailed and exposed to two 



passess under a Van de Graaff beam of 2 mil- 
lion electron volts. The bags may contain dry 35 
fil am e nt, or filament in water or fillament in 
ethyl alcohol 

Although in the Exan^les bulk polymeriza- 
tion has been used in preparing the poly- 
lactides, it is to be imderstood that the poty- 40 
merization can also be effected in solution or 
suspenaon. When the solution method is used, . 
the ratio of monomer to solvent can be from 
1 : 1 to 5: 1. Suitable media are aromatic hy- 
drocarbons sucii as the xylenes, and ethers such 45 
as tetrahydroforan, dioxane, and 1,2-dimedy- 
oxyethane. 

Although this invention has been more 
specifically illustrated with monofilaments^ it 
is to be understood that the copolymer can 50 
be in the form of multifilament^ e.g.^ braided 



structures. The terra "braided structure" is 
used to connote a structure formed by combin- 
ing together two or more strands, Le. filaments 
or ribbons. The strands can be braided to form 

5 useful sutures in any of a wide variety of 
ways such as, for example, in the manner 
customarOy emptoyed for making Manila rope, 
lanyards and the like. In the final braided 
suture, at least 50% of the individual strands 

10 should be oriented. Preferably 90% or more 
of the strands making up the braided structure 
should be oriented. 

The products of the invention are useful 
in surgical applications where an abso;bable 

15 aid or support is required, for example, in the 
formation of surgical mesh, absorbable staple, 
artificial tendons, or cartilage material, and in 
other uses where a temporary aid during heal- 
ing is needed. They may also be used to ad- 

20 vantage in repairing hernias and in anchoring 
organs which have become loose. 

In the specification of our Patent No. 
1,048,088 sutures formed from a sterile orient- 
ed ^thetic polylactide having an inherent 

25 viscosity of at least 1.0 at 0.1% concentra- 
tion by weight in benzene at 25°C, and being 
such that they shrink in length less than 1S% 
when immersed in water at 77°C for five 
minutes, are described and claimed. 

30 WHAT WE CLAIM IS: — 

1. An oriented filament or ribbon sm'table 
for use as or in a surgical suture, said fila- 
ment or ribbon being composed of a lactide 
copolymer containing 85 to 98.5% of repeat- 

35 ing units of a single antipodal species of alpha 
hydroxy propionic acid and 1.5 to 15% of 
repeating umts of the formula: 



6 

\ R 
C — C 



—0 



where R is lower alkylene, m is 0 or 1, R' is 
40 a hydrogen atom or a lower alkyl group, and 
R", which can be the same as or dMcrcnt 
from R', is a hydrogen atom or an alkyl group 
of up to 22 carbons when m is 2ero and, 
when m is 1, R" is a hydrogen atom or a lower 
45 alkyl group, lower, herein meaning having up 
to 6 carbon atoms, and the repeating units of 
the said formula including at least one which 
is different from that derived from the said 
antipodal spedes, said copolymer before being 
50 oriented having an inherent viscosity of at 
least 1.0 at 0.1% concentration in benzene at 
25^C and said filament losing at least 20% 



65 



70 



of its weight on treatment witb boiling water 
for a period of 100 hours. 

2. An oriented filament as claimed in daim 55 

I, whkh has beoj formed by meh-extrusion 
and oriented by drawing, said filament hav- 
ing a tensUc strength of 25,000 to 100,000 

p.S.i. 

3. A filament as claimed in daim 2 which ^ 
has been annealed and shows less than 15% 
shrinkage when immersed without tension in 
water at 77°C. 

4. A filament as claimed m daini 2 or 3, 
wherein the copolymer contains up to 121% 
of repeating units derived from glycolidc. 

5. A filament as claimed in daim 2 or 3 
wherein the copolymer is a poly-L(-)-lactidc 
copolymer containing up to 15!% cf repeating 
units derived from DL-lactide. 

6. A filament as claimed in claim 2 or 3 
wherein the copolymer is a 95/5 copolymer of 
L(-)-lactide and DL-lactide. 

7. A filament as daimed in any preceding 
daim containing a minor proportion of an 75 
inert colouring agent and plasticizer. 

8. A filament as claime4 in daim 7 con- 
taining glj^ceryl triacetate as a plasticizer. 

9. A surgical suture composed of a mono- 
filament as daimed in any preceding daim, 80 
having a diameter of 0.1 to 45 mils and a 
tensile strengtii of 25,000 to 100,000 p.sj.- - 

10. A suture as claimed in daim 9 having 
a diameter of 1 — 20 mils. 

11. A surgical suture comprising a plura- 85 
lity of filaments as daimed in any one ^>f 
daims 1 to "8 braided together. 

12. A surgical suture as daimed in daim 

II, induding also a plurality of unoriented 
filaments of said copolymer, lie <^ented fila- 90 
ments comprising in numiber at least 5(t% 

of the braided suture. 

13. A surgical suture as claimed in claim 
10 or 11, in which the individual filaments 
have diameters in the range 0.1 to 45 mils 
and which has a tensile strength of 25,000 to 
100,000 p.sJ. 

14. Filaments according to claim 1, and 
surgical sutures containing such filamaits, sub- 
stantially as hereinbefore described. 

15. A process for making oriented filaments 
as claimed in any one of claims 2 to 6 com- 
prismg mdt-eztruding copolymer through 
a spinneret and effecting orientatiosi result- 
ing filaments by drawing dicai at 70 to 140«'C 105 
to at least 5 times and hot more than 11 
times their original length. 

16. A process according to daim 15, where- 
in the oriented filament is annealed to 60 to 
150<>C while hdd substantially taut until it 110 
shows less than 15% shrinkage on subsequent 
inmiersion without tension in water at 77*'C 

17. A process for preparing a filament 
claimed in daim 1, subsUmtially as herein- 
before described. 
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